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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S268decrease observed in the superﬁcial layers was not signiﬁcant (p ¼ 0.07
and 0.74). A signiﬁcant increase in cartilage volume was seen in cMF
(þ0.5%; p < 0.001). Young men had greater baseline T2 values than
women in the superﬁcial layer of cMF (p < 0.01), but this sex difference
did not reach statistical signiﬁcance inMT (p¼ 0.07) or in the deep layers
ofMTor cMF (p¼ 0.08 and 0.66). Superﬁcial or deep baseline T2were not
signiﬁcantly associated with subsequent cartilage volume change (r 
0.35), norwas the concurrent T2 and cartilage volume change in the same
cartilage plate (0.11 r 0.42). In PCL patients, no systematic change in
T2 was observed in MT or cMF (p  0.55, Table 1). Volume changes
amounted to 1.4% in both MT and cMF, but were not signiﬁcant (p 
0.34). Baseline T2 in the deep and superﬁcial layers of MT predicted
subsequent change in cartilage volume inMT (r¼0.59/0.56; p¼ 0.04/
0.06), but no signiﬁcant associationwas observed in cMF (r 0.34). There
was a signiﬁcant relationship of concurrent change of superﬁcial T2 and
cartilage volume inMT (r¼ 0.72; p< 0.05), but no signiﬁcant associations
for T2 of the deep layer T2, or concurrent volume and T2 change in either
layer in cMF (0.43  r  0.41).Fig. 1. Regions-of-interest (ROIs) and illustrative presentation of unpro-
cessed, local binary pattern (LBP), and Laplacian-based ROIs. Black rectangles
with dotted line ¼ subchondral bone plate ROIs, black-colored rectangles
with continuous line ¼ trabecular bone ROIs, white circle ¼ soft tissue ROI.
Baseline (BL) values and mean change (MC) in cartilage T2 (ms) in the superﬁcial and deep layer.
Baseline Change
Mean Standard
deviation
95% conﬁdence intervals Mean 95% conﬁdence intervals P-value
Young athletes Medial tibia Superﬁcial layer 50.7 2.4 49.5 52.0 1.1 2.0 0.2 0.07
(MT) Deep layer 50.1 3.2 48.5 51.8 2.4 3.9 0.9 0.002
Central medial femur Superﬁcial layer 53.8 2.5 52.5 55.1 0.8 1.8 0.2 0.74
(cMF) Deep layer 47.4 2.0 46.4 48.4 2.0 3.0 0.9 0.004
PCL patients Medial tibia Superﬁcial layer 50.8 2.1 49.5 52.1 0.3 1.4 0.8 0.55
(MT) Deep layer 47.8 2.1 46.5 49.2 0.3 1.5 2.2 0.70
Central medial femur Superﬁcial layer 52.9 4.5 50.0 55.7 0.5 2.8 1.9 0.66
(cMF) Deep layer 47.7 6.1 43.8 51.6 0.1 2.1 1.9 0.91Conclusions: The results demonstrate that cartilage maturation at the
end of adolescence is associatedwith a systematic decrease in deep layer
T2, potentially reﬂecting changes in hydration and macromolecular
reorganization. In PCL patients, baseline T2 predicted subsequent tibial
cartilage volume change, and therewas concurrent change in superﬁcial
T2 and tibial (but not femoral) cartilage volume. Future studies need to
explore to what extent the maturation and degenerative processed in
cartilage composition are associatedwithwet (synovialﬂuid, serum and
urine) markers of collagen formation and degradation, and whether
these predict the onset of radiographic changes after PCL injury.
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QUANTIFICATION OF DIFFERENCES IN BONE TEXTURE FROM PLAIN
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Purpose: Texture analysis of bone is not as dependent on the imaging
conditions as direct evaluation of grayscale values from radiographs.
The aim of the study was to investigate differences in bone texture
between subjects with different stages of knee osteoarthritis and age-
and gender-matched controls from plain radiographs using advanced
image analysis methods.
Methods: Standard anterior-posterior weight bearing radiographs
(tube voltage ¼ 60 kV, quantity of charge ¼ 25 mAs) from 203 knees
(103 male subjects, age: 50–69 years) were analyzed using MATLAB
software (MathWorks inc., USA) and graded according to the Kellgren-
Lawrence (KL) grading scale, in which 0 is normal and 4 is severe OA. KL
grades were not known during the quantitative image analyses. Joint
space width (JSW) was measured from the center of medial and lateral
condyles. Four rectangle-shaped regions-of-interest (ROI) were
extracted from the tibia and one elliptical-shaped ROI from the soft
tissue beside the joint (Fig. 1). To assess bone density, mean grayscale
value from the unprocessed ROIs (¼GV) andmean grayscale value of the
soft tissue ROI subtracted from GV (¼GV’) were calculated. Local binary
patterns (LBP) and second order partial derivatives (Laplacians) werecalculated from the unprocessed ROIs to construct LBP and Laplacian-
based images. In the LBP method, the 8 neighbor pixels for each pixel in
the ROI were examined and an 8-bit LBP-value was calculated. From the
LBP- and Laplacian-based images, Homogeneity index (HI) and entropy
(E) texture parameters were calculated to evaluate bone structure. HI
was derived from gray-level co-occurrence matrix. Some ROIs had to be
excluded due to distractions (e.g. bright edges) from a piece of the
clothing or similar artifact. If one-way analysis of variance (ANOVA) was
statistically signiﬁcant, Fisher’s least signiﬁcant difference post-hoc test
was performed to ﬁnd out the KL groups that differed statistically sig-
niﬁcantly from each other. To evaluate intra-rater reproducibility of the
analysis method, one investigator performed the analyses for a sub-
population of 70 knees three times with twoweeks interval. To evaluate
inter-rater reproducibility, three investigators performed the analyses
once for the same sub-population. Reproducibilities were evaluated
using root-mean-square average coefﬁcient of variation (CVRMS). Stat-
istical analysis was performed using SPSS 19 software (SPSS Inc., USA).
Results: Distribution of KL grades was the following: KL0 ¼ 110 knees,
KL1¼28, KL2¼ 27, KL3¼ 31, and KL4¼7. The intra-rater and inter-raterreproducibilities of the texture parameters were better (Range of intra-
rater and inter-rater CVRMS values: 0.23–2.48%) than the bone density-
related parameters (1.45–22.19%). Particularly, ELBP, ELap, and HILBP were
highly reproducible (0.23–1.59%). Medial JSW was signiﬁcantly
(ANOVA: p < 0.05) higher in the control group (KL0) than in the KL2-4
groups. In the Fig. 2, differences between KL groups using GV, ELBP, and
Correlation of texture parameters between wbQCT and HR-pQCT:
R2 (p) [slope, intercept]. Grey: correl
Fig. 2. Statistically signiﬁcant differences between KL groups in medial
and lateral tibial subchondral bone plate (SBP) and trabecular bone (TB)
using mean grayscale value (GV) and entropy from both Laplacian- based
(ELap) and local binary patterns images (ELBP). * ¼ Studied KL group differs
signiﬁcantly from the indicated KL group (LSD post-hoc test).
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S269ELap are shown. Furthermore, GV’ and HILBP were signiﬁcantly (p< 0.05)
lower in the KL0 than in the KL2-4 groups in the medial subchondral
bone plate. Similarly, HILBP was signiﬁcantly (p < 0.05) lower in the KL0
than in the KL1-4 groups in the medial and lateral trabecular bone
whereas GV’ was signiﬁcantly (p < 0.05) lower in the KL0 than in the
KL2-4 groups in the medial trabecular bone.
Conclusions:Our results indicate that the changes inbone texture inknee
OA can be quantitatively evaluated from plain radiographs using
advanced image analysis methods. Based on the results, increased bone
density, due to subchondral bone sclerosis, can be directly estimated from
the grayscale values, if theX-ray imaging conditionsare constant between
patients. However, structural analysis of bone was more reproducible
than direct evaluation of grayscale values, and it is therefore better suited
for quantitative analysis when X-ray imaging conditions are variable.
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ADVANCED KNEE STRUCTURE ANALYSIS (AKSA) FOR
OSTEOARTHRITIS (OA): COMPARISON OF BMD AND TEXTURE IN
TRABECULAR STRUCTURE OF THE KNEE BY QCT AND HR-PQCT
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in clinical CT examinations was investigated and compared to
results obtained from high resolution peripheral quantitative
computed tomography (HR-pQCT). Changes in the trabecular
architecture of subchondral bone in the knee may be an important
indicator of progress in knee OA, however the quantiﬁcation of
structure parameters in vivo is difﬁcult due to the limited spatial
resolution of available CT or MR imaging equipment. We have
recently developed a QCT protocol for the knee to analyze BMD
and trabecular texture and have shown in simulations that texture
parameters can be used as surrogate parameters to assess OA
related changes of trabecular architecture.
Methods: QCT was performed in 57 osteoarthritic (OA) human knees
from 32 cadavers (18\ (83  8 years), 14_ (79  11 years) using whole
body clinical CT (wbCT) with a slice thickness of 0.5 mm and an in plane
pixel size of 250 mm2 (Siemens Sensation 64) and high resolution
peripheral QCT (HR-pQCT) with an isotropic voxel size of 82 mm3
(Scanco XtremeCT). Based on the 3D segmentation of the periosteal and
endosteal surfaces and of the growth plates, anatomical coordinate
systems were determined for the distal femur and proximal tibia rela-
tive to which eight analysis VOIs (cortical (cort), subchondral- (S1) and
mid epiphyseal (S2) and juxtaphyseal (S3) VOIs each in medial and
lateral compartments) were automatically positioned in the wbCT
datasets. Via rigid registration they were transferred to the HR-pQCT
datasets so that BMD and texture parameters (entropy, global and local
inhomogeneity, anisotropy and variogram slope) were analyzed in
exactly the same location in the HR-pQCT datasets. Agreement between
wbQCT and HR-pQCT was analyzed by linear regression.
Results: BMD (averaged over all VOIs) correlated highly between
wbQCT and HR-pQCT (p 0.996). Analysis VOI speciﬁc results for three
texture parameters are shown in the graphs. Regression results for
texture parameters averaged over all eight analysis VOIS are shown in
the table.
Conclusions: Not surprisingly the BMD measurements correlated
highly between wbQCT and HR-pQCT. But also the texture parameters
showed high correlations (p < 0.01, R2 >¼ 0.7) apart from local
inhomogeneity and variogram slope in the femur. Assuming that there
is a relation between structure and texture in HR-pQCT datasets,
which is still to be established, structural changes can also be meas-
ured using texture parameters in wbQCT. This is of particular impor-
tance as the geometry of the XtremeCT prevents scanning human
knees in vivo.
